In the United States, Pierce's disease of grapevines apparently occurs only in moderate or subtropical climates (2,5).
Comparison of the geographic boundaries within which the disease occurs and the contours of climate suggests that severe winter climates limit the range of the disease (2,5). The severity of outbreaks also varies with the severity of winter temperatures;.severity decreases following colder winters (2). Brief exposures of small, potted grapevines with Pierce's disease to subfreezing temperature (5) suggested that cold temperatures are important in its epidemiology.
The purpose of this study was to determine if Pierce's disease would persist in winter climates colder than those in which the disease occurs naturally.
MATERIALS AND METHODS
All diseased plants were inoculated by the leafhopper Graphocephala atropuntata (Signoret) (= Hordnia circellata), and plants were diagnosed as previously Vines were enclosed in screenhouses at Prosser and Blodgett and in screen cages at other locations. At Coloma and Prosser, half of the plants were exposed above ground level and half were buried in soil up to the top edge of each pot. All plants at Blue Canyon were buried similarly, and all at Berkeley and Blodgett were kept above ground.
Maximum and minimum temperature records were taken from the nearest weather station. The Coloma and Blue Canyon sites were approximately 4-6 km from the nearest temperature recording stations. At the other sites, temperatures were recorded within 1 km.
In March 1977, all grapevines were returned to the greenhouse at Berkeley and maintained until Pierce's disease was diagnosed or until November 1977. The causal bacterium was isolated from vines with symptoms from each location, using methods described previously (1). Attempts to isolate the bacterium were made from all symptomless grapevines after they had been held at the different sites.
RESULTS AND DISCUSSION
The recovery rate for infected vines that survived the winter ranged from 2% recovery at Coloma, 5% at Berkeley, and 14% at Blue Canyon to 98% recovery at Blodgett and 100% at Prosser ( Table 1) . The number of plants killed by overwinter exposure was low at Berkeley and substantial at the other sites ( Table 1) . For example, 34-of 59 (58%) plants exposed at Prosser did not survive. More diseased than healthy vines died at Coloma and Blue Canyon. No significant difference in survival was evident between plants that were buried in soil and plants not buried.
Equal numbers of cultivars Barbera and Cabernet Sauvignon were sent to Prosser. At other locations approximately equal numbers were used of cultivars Ruby Cabernet, Cabernet Sauvignon, Pinot chardonnay, Chenin blanc, Pinot noir, Flora, White Reisling, and Thompson Seedless. At Berkeley, an additional 13 Barbera and three Sylvaner vines were exposed, but the only cultivars there that recovered from Pierce's disease were Cabernet Sauvignon (one recovery among 10 plants) and White Reisling (five among 13). At Coloma the only vine to recover was one of the 10 White Reisling. All seven White Reisling plants held at Blue Canyon and all 10 at Blodgett failed to recover.
One diseased plant of each cultivar sent to Prosser and maintained in the greenhouse through the winter retained distinct symptoms. No uninoculated check plants (Table 1) developed symptoms. Isolations were attempted from 17 plants with symptoms, and the bacterium was isolated from all 17 but not from any of the previously diseased plants that had no symptoms after 6 mo in the greenhouse.
The recovery of plants with Pierce's disease after exposure to the winter climates of Blodgett and Prosser is consistent with the hypothesis that low temperatures limit the geographical range of the disease. Recovery of some of ,Plant Disease/April 1980 389
